Introduction
Understanding the quark-level substructure of the scalar mesons is one of the main challenges in hadronic physics. The number of observed states, and their masses and branching fractions, suggest that there is a contribution from four-quark wavefunctions in addition to qq, and possible gluonic, degrees of freedom [1, 2] . However, the extent of mixing between the different components is unclear.
Measurement of the relative production of scalar mesons in B 0 and B 0 s meson decays can help to address this issue [3, 4] . Measurements of B 0 (s) → J/ψ f decays, where f represents either the f 0 (500) (also known as σ) or the f 0 (980) meson, and f → π + π − [5] [6] [7] [8] have already provided important insight into the structure of the scalar mesons [9, 10] . Studies of B 
from which the absolute branching fraction for B 
, are determined from simulated samples with data-driven corrections applied. The ratio of fragmentation fractions inside the LHCb acceptance has been measured to be f s /f d = 0.259 ± 0.015 [25] . Equation (1) corresponds to a branching fraction for f 0 (980) → π + π − of 100 %, which is the conventional way to quote results for decays involving f 0 (980) mesons.
LHCb detector
The LHCb detector [26, 27] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a silicon-strip vertex detector [28] surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes [29] placed downstream of the magnet. The tracking system provides a measurement of momentum, p, of charged particles with a relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The minimum distance of a track to a primary vertex, the impact parameter (IP), is measured with a resolution of (15 + 29/p T ) µm, where p T is the component of the momentum transverse to the beam, in GeV/c. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors [30] . Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers [31] .
The trigger [32] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, in which all tracks with p T > 500 (300) MeV are reconstructed for 2011 (2012) data. The software trigger requires a two-, three-or four-track secondary vertex with significant displacement from the primary pp interaction vertices (PVs). At least one charged particle must have p T > 1.7 GeV/c and be inconsistent with originating from a PV. A multivariate algorithm [33] is used for the identification of secondary vertices consistent with the decay of a b hadron.
Simulated events are used to characterise the detector response to signal and certain types of background events. In the simulation, pp collisions are generated using Pythia [34] with a specific LHCb configuration [35] . Decays of hadronic particles are described by EvtGen [36] , in which final state radiation is generated using Photos [37] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [38] as described in Ref. [39] .
Selection
Candidates consistent with the decay chain B
The selection procedure involves applying a preselection to the data sample before using a NN to reduce the combinatorial background. The NN [40] is trained with the preselected D 0 π + π − data sample, using the sPlot method [41] with the B candidate mass as discriminating variable to separate statistically the signal and background categories. The input variables to the NN are related to the kinematic properties of the candidate, its isolation from the rest of the pp collision event, and the topology of the signal decay chain. Full details of the preselection and NN training can be found in Ref. [42] . The four final-state tracks must also satisfy particle identification (PID) requirements. Signal candidates are retained for further analysis if they have invariant mass in the range 5100-5900 MeV/c 2 . A requirement that the NN output is greater than −0.7 removes 77 % of combinatorial background and retains 95 % of
10 GeV/c 2 is used to remove candidates that predominantly
14 GeV/c 2 , is used to remove backgrounds from B + → D 0 π + decays combined with a random π − candidate. This source of combinatorial background is kinematically excluded from the signal region, but causes structure in the mass distribution at higher B candidate mass. A similar contribution from B + → D * 0 π + decays cannot be vetoed in the same way, and must therefore be considered further as a source of background.
Following all selection requirements, approximately 1 % of events contain more than one candidate. All candidates are retained for the subsequent analysis; the associated systematic uncertainty is negligible.
Determination of signal yield
The yields of B 0 s → D 0 f 0 (980) and B 0 → D 0 π + π − decays are obtained from two separate extended maximum likelihood fits to the distributions of NN output and B candidate mass for selected candidates. The only difference between the samples used in the two fits is that the former has an additional requirement of 900 MeV/c , and referred to hereafter as bins 1 to 5, respectively. The five bins contain a similar proportion of signal decays and increase in purity from bin 1 to bin 5. This choice of binning has been found to enhance the sensitivity whilst giving stable fit performance.
The fits include components due to signal and combinatorial background as well as from partially reconstructed and misidentified b-hadron decays. The signal invariant mass distribution is described by the sum of two Crystal Ball (CB) [43] functions, with a shared mean and tails on opposite sides described by parameters that are fixed to values found in fits to simulated samples.
The combinatorial background is modelled with the sum of two components. The first has an exponential shape, described by a parameter that is the same in all NN bins. The second originates from B + → D * 0 π + decays combined with a random pion candidate, and is modelled using a non-parametric shape determined from simulation. The limited sizes of the simulated samples used to obtain this and similar shapes are sources of systematic uncertainty.
Partially reconstructed backgrounds occur from
where the neutral pion or photon is not associated with the candidate, and from B + → D 0 π + π − π + decays where one π + is also not associated with the candidate. The invariant mass shapes of these backgrounds are described with nonparametric functions derived from simulation. A global offset of the shape of the partially reconstructed background is determined from the fit to data to allow for differences between data and simulation [44] .
Backgrounds from misidentified b-hadron decays arise from , is used. Data-driven estimates of the misidentification probability as a function of particle kinematic properties are also included. The relative yields in the NN bins are taken to be the same as for the signal decays.
A total of 25 parameters are determined from the fit to the D 0 π + π − sample. These include yields of B 0 → D 0 π + π − decays, the total combinatorial background, the total partially reconstructed background, and the B 
Systematic uncertainties
The systematic uncertainties that affect the ratio of branching fractions are summarised in Table 2 . Various effects contribute to the systematic uncertainties on the invariant mass fit and efficiencies, as described below.
The tail parameters of the signal components for B A second-order polynomial function is used to replace the exponential shape for the combinatorial background in both fits, giving a systematic uncertainty of 8.4 %. Varying the smoothing of the non-parametric shape for B + → D * 0 π + decays gives the largest source of systematic uncertainty of 23.1 %; the size of this effect is determined by that of the simulated background sample. The fractional yields of the B + → D * 0 π + component The misidentified background shapes are also varied by changing the smoothing applied to the non-parametric function. Additionally, the simulation is not reweighted to the known phase-space distributions and the relative normalisation of the B 0 (s) → D ( * )0 Kπ shapes is varied within uncertainties. Together these contribute 6.7 % to the systematic uncertainty. Corrections, derived from simulation, are applied to the fractional yields for the misidentified backgrounds, which are assumed to behave like signal decays in the default fit. The sum in quadrature of the individual contributions gives a systematic uncertainty of 8.5 %.
Potential biases in the fit procedure are investigated using an ensemble of pseudoexperiments. Each of the pseudoexperiments is fitted with the same fit model used to describe the data samples. This study shows that the fit is stable and well behaved and that the associated systematic uncertainty is negligible.
The uncertainty on the ratio of reconstruction and selection efficiencies for the B The selection and trigger efficiencies are calculated from simulated samples with datadriven corrections applied. The PID efficiency is measured using a control sample of
− efficiency over the Dalitz plot is taken into account by weighting the simulation according to the observed Dalitz plot distribution [13] .
Using Eq. (1) the ratio of branching fractions is determined to be
where the first uncertainty is statistical and the second systematic. This result is obtained under the assumption that the B [5] [6] [7] [8] . These results may provide insight into the substructure of the scalar mesons. 
